


































































































































































































Table A 1. Meteorological boundary conditions for the three LES cases derived from 3-
hourly 1.25° × 1.25° MERRA reanalysis data at the Fair Hill site (39.71°N, 75.87°W).
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Figure A 1. Comparison of potential temperature (K) (a, c, e) and water vapor mixing 
ratio        (g kg-1) (b, d, f) of the initial profiles at 0530 LT used in LES (red), 
interpolated 0530 LT profiles derived from 6-hourly finer resolution (0.5° × 0.67°) 
MERRA data (cyan), sounding data at 0800 LT from WAL (black) and IAD (purple) 
sites, and the earliest P-3B observed profiles (0900-1100 LT for Case 1, 1300-1500 
LT for Case 2 and 1100-1300 LT for Case 3) for the three cases (Case 1: a, b; Case 2: 
c, d; Case 3: e, f).	............................................................................................................................	192	
Figure A 2. LES simulated instantaneous vertical cross section of OH (a, d, g), isoprene 
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species Xi with Yj and [Yj] is the ambient concentration of OH, O3, or NO3, kXi+Yj is 
the photolysis rate and [Yj] is 1 for the photolysis pathway.	.......................................	194	
Figure B 1. Horizontally-averaged over the cloudy column production (a) and loss (b) 
rates of ISOPOOH in the cloudy column at 1200 LT for the NOAQU simulation (a, 
b), and the changes (AQU-NOAQU) in the production (c) and loss (d) rates after 
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including aqueous phase chemistry (c, d) in the AQU simulation. The net 
production (sources-sinks) rates for the two simulations (e) and the change (AQU-
NOAQU) in the net production rate after including aqueous phase chemistry (f) in 
the AQU simulation are also shown.	....................................................................................	200	
Figure B 2. Horizontally-averaged over the domain temporal evolution of Is for OH + 
MVK (a, e), OH + MGLY (b, f), OH + ACETALD (c, g) and NO+HO2 (d, h) for the 
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Figure B 3. LES simulated instantaneous vertical cross section of OH (ppbv) (a, c) and 
isoprene (ppbv) (b, d) in the middle of the domain (as marked by the grey dashed 





































































































































































































































































































































My	 dissertation	 proposes	 three	 science	 questions	 to	 improve	 the	
understanding	of	BVOC	chemistry	in	the	PBL:		





affect	 the	 formation	 of	 tropospheric	 ozone.	 In	 Chapter	 2,	 we	 select	 three	 cases	
representing	 distinct	 meteorological	 conditions	 during	 the	 DISCOVER-AQ	 2011	
campaign	 and	 implement	 the	LES	model	with	well-defined	 turbulence	 to	 evaluate	
the	role	of	boundary	layer	dynamics	on	the	atmospheric	chemistry	of	BVOC.		




The	 LES	 model	 provides	 a	 unique	 capability	 to	 investigate	 the	 role	 of	 aqueous	




We	 present	 high-resolution	 LES-Chem	 simulations	 representing	 both	 convective	
transport	 and	 aqueous	 phase	 chemistry	 and	 their	 impact	 on	 the	 oxidation	 and	
distribution	of	organic	species.		
3) What	 horizontal	 and	 vertical	 spatial	 scales	 are	 needed	 to	 capture	 the	
physical	and	chemical	processes	that	affect	BVOC	oxidation	in	regional	and	
global	atmospheric	models?		
LES	 models	 have	 up	 to	 three	 times	 more	 vertical	 levels	 than	 air	 quality	
models	 and	 use	 more	 complex	 turbulent	 closure	 schemes	 that	 can	 resolve	 the	
energy-containing	turbulent	eddies	in	the	ABL.	This	complexity	provides	additional	
insight	 into	 the	 vertical	 transport	 of	 ozone	 precursor	 species,	 and	 serves	 as	 a	
comparison	 standard	 for	 global	 and	 regional	 chemical	 transport	 models	 and	




can	 provide	 insight	 into	 the	 representation	 of	 turbulent	 mixing	 in	 the	 PBL	 as	
relevant	for	atmospheric	chemistry.	
Overall,	 the	work	 here	 presents	 a	 cross-scale	 analysis	 that	 focuses	 on	 fine	
scale	 processes	 using	 the	 LES	 and	 connects	 these	 results	 with	 regional-scaling	
processes	 using	 WRF-Chem.	 The	 use	 of	 the	 LES	 modeling	 tool	 can	 provide	 an	
	 	15	
accurate	 interpretation	 and	 evaluation	 of	 atmospheric	 chemistry	 and	dynamics	 in	
the	 ABL.	 The	 modeling	 of	 the	 DISCOVER-AQ	 campaign	 provides	 the	 basis	 for	
modeling	simulations	in	heavy	pollution	regions.	The	results	presented	here	provide	
new	 insights	 into	 the	 role	 of	 turbulence	 in	 BVOC	 oxidation	 in	 the	 atmospheric	






























































































































































































































































































































𝐂𝟓𝐇𝟕𝐎𝟐 + 𝐑𝐎𝟐 → 𝐩𝐞𝐫𝐨𝐱𝐢𝐝𝐞𝐬																																																																						 										(R5-1)	

















































































































































































































































































































,                                                                               												(1)	
where	𝑥 = 1/𝑇!"# − 1/𝑇 /0.00831,	T	is	temperature	(K),	and	the	empirical	
coefficients	𝐶!! 		(=95),	𝐶!! 		(=230).	Eopt	and	Topt	are	estimated	using	Eqs.	(2)	and	(3).	
𝑻𝒐𝒑𝒕 = 𝟑𝟏𝟑+ 𝟎.𝟔× 𝑻𝟐𝟒𝟎 − 𝟐𝟗𝟕 ,                																																																																		(2)	





















































































































































































































































































































𝑹𝑶𝑯!𝑿𝒊 = 𝒌𝑶𝑯!𝑿𝒊× 𝑿𝒊 ,                                                                                                           (8)	
	 	51	














































































































































𝟏   
𝒌𝑶𝑯!𝑿𝒊×(𝟏!𝑰𝒔,𝑶𝑯!𝑿𝒊)× 𝑶𝑯  



















































































Chin-Hoh Moeng, and Peter Sullivan for initiation of the study and the development of 





















































































































































































































































































































































































































































































































































	 Case	1	 Case	2	 Case	3	
Isoprene		 		11.39	±	0.17	 		12.26	±	0.93	 		13.13	±	1.10	
MACR	 		32.88	±	0.50	 		35.01	±	2.70	 		37.27	±	3.19	
MVK		 		60.57	±	0.89	 		65.33	±	4.92	 		70.07	±	5.83	
ISOPOOH	 153.55	±	2.34	 163.63	±12.60	 174.31	±14.87	
HCHO	 115.57	±	1.82	 121.97	±	9.55	 129.22	±11.24	
HYAC	 385.22	±	6.08	 406.57	±31.83	 430.75	±37.46	
GLYALD	 115.57	±	1.82	 121.97	±	9.55	 129.22	±11.24	
MGLY	 		80.69	±	1.12	 		88.64	±	6.47	 		96.07	±	7.70	
ACETALD	 		81.29	±	1.23	 		86.83	±	6.66	 		92.63	±	7.87	
	 Parameters	for	lifetime	calculation	
Temperature	(K)	 292.66	±	0.42	 296.88	±	0.56	 299.33	±	0.73	
OH	(molecules	cm-3)	 1.44e+7	±	2.22e+5	 1.37e+7	±	1.04e+6	 1.30e+7	±	1.08e+6	
	 Total	lifetime	(τCH,	min)	
HCHO	 73.48	 76.24	 79.69	








Isoprene		 1.03	 1.04	 0.81	
MACR	 0.36	 0.36	 0.29	
MVK		 0.19	 0.19	 0.15	
ISOPOOH	 0.10	 0.10	 0.08	
HCHO	 0.08	 0.08	 0.06	
HYAC	 0.03	 0.03	 0.02	
GLYALD	 0.10	 0.10	 0.08	
MGLY	 0.15	 0.14	 0.11	
ACETALD	 0.14	 0.15	 0.11	
	 τT	for	Dat	calculation	








	 Case	1	 Case	2	 Case	3	
Isoprene		 		11.70	±	0.18	 		12.54	±	0.87	 		13.57	±	1.00	




































































































































































































































































grid	points,	representing	a	Δx	×	Δy ×	Δz	of	150	m	×	150	m × 50	m,	(2)	1923	grid	
points,	representing	a	Δx	×	Δy ×	Δz	of	75	m	× 75	m	× 25	m,	and	(3)	3203	grid	points,	

































































































































































































































































































































































































𝜕 𝐶!𝐻! ! 𝑂𝐻 ! 𝜕𝑡 = − 𝑤! 𝐶!𝐻! !𝜕 𝑂𝐻 /𝜕𝑧 − 𝑤! 𝑂𝐻 !𝜕 𝐶!𝐻! /𝜕𝑧 −
𝜕 𝑤! 𝐶!𝐻! ! 𝑂𝐻 !/𝜕𝑧 − 𝐶!𝐻! ! 𝜕𝜏!"# 𝜕𝑧 −

































































































































































































































































































































































































































































































































































Number	 Reaction	 𝑘!"#	 𝐸 𝑅	
A1	 O3	+	hν	+	H2O	→	H2O2	+	O2	 		 		































































































A33	 2OH	+	CHOCHO	→	2	HCOOH	 5.0×103	 0	



























A42	 OH	+	MACR	+	O2	→	CH3COCHO2CH2OH	+	H2O	 9.4×109	 1200	
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⊝,	M	atm-1	 −𝑑 ln𝐾! 𝑑 1 𝑇 ,	K	
O3	 0.00053	 1.03×10-2	 2830	
NO2	 0.00063	 1.2×10-2	 2360	
NO	 0.005	 1.91×10-3	 1790	
HNO3	 0.2	 2.6×106	 8700	
H2O2	 0.02	 8.44×104	 7600	
CH3OOH	 0.0038	 3.0×102	 5280	
HCHO	 0.2	 3.23×103	 7100	
SO2	 0.11	 1.23	 3120	
OH	 0.05	 3.9×101	 0	
CH3CO3	 0.02	 1.0×10-1	 0	
HNO4	 0.2	 1.2×104	 6900	
HO2	 0.2	 6.9×102	 0	
N2O5	 0.005	 1.0×1012	 0	
NO3	 0.001	 3.8×10-2	 0	
CH3O2	 0.05	 2.7	 2030	
CH3CO3NO2	 0.02	 2.8	 5730	
CH2CCH3CO3NO2	 0.02	 1.7	 0	
MACRa	 0.02	 4.8	 4300	
MVKa	 0.02	 2.6×101	 4800	
ACETALDa	 0.03	 1.29×101	 5890	
C3H6OHOOH	 0.05	 3.36×102	 5995	
CH3COOOH	 0.02	 8.37×102	 5310	
CHOCHO	 0.023	 4.19×105	 7480	
C2H5OOH	 0.05	 3.36×102	 5995	
GLYALDa	 0.023	 4.1×104	 4600	
MGLYa	 0.023	 3.4×103	 7500	
CH2CCH3CHONO2CH2OH	 0.02	 1.0×103	 0	
HOCH2CCH3CHCHO	 0.03	 3.0×104	 9200	
CH3OH	 0.015	 2.03×102	 9240	
CH3COCH3	 0.02	 2.78×101	 5530	
C10H18O3	 0.05	 3.0×102	 5280	
CH3COCHOOHCH2OH	 0.05	 3.0×102	 5280	
HYACa	 0.02	 7.7×103	 0	
CH3COCH2OOH	 0.05	 3.0×102	 5280	
HOCH2COOHCH3CHCHOH	 0.05	 3.0×102	 5280	
ISOPOOHa	 0.05	 3.0×102	 5280	
HCOOH	 0.012	 8.9×103	 6100	
SO42-	 0.2	 1.0×1012	 0	
CO2	 0.05	 3.6×10-2	 2200	
CO32-	 0.1	 1.0×1012	 0	
	 	143	
CH3COOH	 0.019	 5.5×103	 0	
GLYCACa	 0.019	 2.83×104	 0	
GLYOXACa	 0.019	 1.0×104	 0	
PYRACa	 0.019	 3.1×105	 5088	

























































































































































































































































































































































































































































































































































































































































































































































































WRF-Chem with YSU: 





a) b) c) d) e) 








































































































































































































































By	 integrating	 aircraft	 in	 situ	 profiles	 and	 surface	 site	measurements	 from	
the	DISCOVER-AQ	campaign,	 this	research	synthesizes	both	atmospheric	dynamics	
and	 chemistry	 using	 the	 LES	 tool	 at	 fine	 spatial	 scales.	 The	 LES	model	 combined	
with	 online	 chemistry	 allows	 examination	 of	 the	 coupling	 between	 atmospheric	
chemistry	 and	 dynamics,	 representing	 an	 integrated	 and	 holistic	 view	 of	
atmospheric	science.	The	results	are	used	to	inform	modeling	at	the	regional	scale	
(e.g.,	 WRF-Chem)	 and	 improve	 our	 understanding	 of	 isoprene	 chemistry	 in	 the	
atmospheric	 boundary	 layer.	 The	 effects	 of	 turbulent	 mixing	 on	 BVOC	 vertical	
distribution	 and	 segregation	 of	 reactants	 induced	 by	 incomplete	 mixing	 also	
provides	insight	to	global	modeling	studies.		
Above,	 the	many	 differences	 between	 the	WRF-Chem	 regional	 model	 with	
the	LES	model	were	noted,	 including	 surface	 conditions,	ABL	mixing	 schemes	and	
gas	 and	 aqueous	 chemical	 mechanisms.	 Comparison	 of	 these	 models	 provides	
	 	185	
guidance	 on	 examining	 the	 impacts	 of	 model	 interpretations	 on	 ABL	 mixing	 and	
BVOC	 distribution.	 The	 discrepancy	 in	 simulated	 ABL	 mixing	 could	 result	 from	
initial	and	boundary	conditions,	and	also	from	distinct	PBL	mixing	schemes	used	in	




focus	more	on	how	different	mixing	 schemes	 interpret	ABL	mixing	processes.	 For	




energy	 (TKE).	Understanding	 how	 the	 YSU	 scheme,	 the	MYJ	 scheme	 and	 the	 LES	
interpret	 the	ABL	mixing	 is	crucial	 to	 learn	how	the	ABL	mixing	processes	 further	
affect	BVOC	distribution	essentially.		
Chemically,	 the	model	development	 that	 integrates	gas-phase	and	aqueous-
phase	 chemistry	 provides	 basis	 to	 study	 secondary	 organic	 aerosol	 (SOA)	
precursors.	 This	 work	 is	 important	 in	 understanding	 the	 role	 of	 isoprene	 in	 the	






[Barth	 et	 al.,	 2003].	 Further	 oxidation	 of	 OVOC	 in	 the	 aqueous	 phase	 affects	 the	
chemistry	 of	 radical	 and	 other	 oxidant	 species,	 and	 produces	 lower	 volatility	
products	 that	 may	 contribute	 as	 an	 additional	 source	 of	 SOA	 [Lim	 et	 al.,	 2005].	
Accurate	model	representation	of	the	chemical	and	physical	processes	of	OVOC	and	
the	pathways	of	OVOC	to	form	SOA	in	the	ABL	is	fundamental	to	our	understanding	
of	 air	 pollution	 events	 and	 to	 the	 predictability	 of	 the	 effects	 of	 VOC	 emissions	
changes	on	SOA.	The	work	presented	in	Chapter	3	provides	an	important	example	of	
the	 role	 of	 cloud	 processing	 of	 BVOC	 and	 its	 potential	 importance	 for	 simulating	
these	 processes	 at	 broader	 spatial	 scales.	 Many	 developments	 are	 needed	 in	 the	
chemical	 mechanisms	 of	 the	 WRF-Chem	 and	 the	 LES.	 Although	 the	 MOZART-




aqueous	 processes	 play	 an	 important	 role	 in	 SOA	 formation,	 improving	 aqueous	
chemistry	 in	 the	 WRF-Chem	 would	 enhance	 its	 ability	 in	 simulating	 SOA	 in	 a	
regional	scale.	 In	addition,	 the	addition	of	anthropogenic	emissions	 in	the	LES	and	
the	development	of	SOA	 formation	processes	 is	also	necessary	 to	simulate	a	more	
realistic	 environment	 and	 to	 extend	 the	 implementation	 of	 the	 LES	 to	 urban	
polluted	 regions.	 These	 improvements	 in	 both	 the	 regional	 model	 and	 the	 LES	




Air	 quality	 is	 a	 human	 health	 and	 environmental	 issue	 that	 must	 be	
addressed.	 Over	 the	 continental	 United	 States,	 total	 anthropogenic	 VOC	 and	 NOX	
emissions	have	been	decreasing	over	the	past	several	decades	[Simon	et	al.,	2015],	
changing	 the	 chemistry	 of	 ozone	 formation	 and	 placing	 more	 emphasis	 on	 the	
biogenic	 VOC	 chemistry	 and	 its	 contribution	 to	 organic	 aerosol.	 Understanding	
atmospheric	chemistry	across	different	chemical	regimes	is	still	an	important	issue,	
and	 many	 existing	 gas-phase	 mechanisms	 still	 struggle	 to	 simulate	 isoprene	 and	
ozone	 formation	 correctly	 [Fiore	 et	 al.,	 2005;	 Horowitz	 et	 al.,	 2007;	 Squire	 et	 al.,	










































































































Supplementary Figures for Chapter 2 
 
Contents of this file  
 
Figures A1 to A3 




This supporting information provides figures and tables that introduce meteorological (Figure 
A1, Table A1) and chemical conditions (Table A2) used in the simulations. Vertical cross 
sections of chemical species and vertical velocity are shown to better understand segregation 
of isoprene and OH (Figure A2). The bar chart (Figure A3) and the photolysis lifetime table 










Figure A 1. Comparison of potential temperature (K) (a, c, e) and water vapor mixing ratio        
(g kg-1) (b, d, f) of the initial profiles at 0530 LT used in LES (red), interpolated 0530 LT profiles 
derived from 6-hourly finer resolution (0.5° × 0.67°) MERRA data (cyan), sounding data at 0800 
LT from WAL (black) and IAD (purple) sites, and the earliest P-3B observed profiles (0900-1100 
LT for Case 1, 1300-1500 LT for Case 2 and 1100-1300 LT for Case 3) for the three cases (Case 1: 





Figure A 2. LES simulated instantaneous vertical cross section of OH (a, d, g), isoprene (b, e, h) 
and vertical velocity w (c, f, i) in the middle of the domain at 1400 LT for the three cases (Case 
















Figure A 3. Photochemical box model simulated kXi+Yj * [Yj] (s-1) during 1100-1300 LT (with 
three vertical bars for each BVOC species representing the values for the three cases), where 
kXi+Yj is the reaction rate coefficient for each reaction of BVOC species Xi with Yj and [Yj] is the 




































LT,	hr	 UTC,	hr	 0-1	km	 1-2	km	 >	2	km	 0-1	km	 1-2	km	 >	2	km	 0-1	km	 1-2	km	 >	2	km	
3.5	 7.5	 -0.190	 0.005	 -0.143	 -0.124	 -0.236	 -0.129	 -0.193	 -0.091	 -0.078	
6.5	 10.5	 -0.164	 -0.016	 0.014	 -0.362	 -0.222	 -0.124	 -0.112	 -0.071	 -0.062	
9.5	 13.5	 -0.125	 -0.019	 0.077	 -0.273	 -0.325	 -0.038	 0.051	 -0.008	 -0.018	
12.5	 16.5	 -0.139	 -0.043	 0.117	 -0.046	 -0.233	 0.053	 0.097	 0.030	 0.000	
15.5	 19.5	 -0.154	 -0.097	 0.206	 0.066	 -0.056	 0.044	 0.055	 0.030	 -0.002	
18.5	 22.5	 -0.068	 -0.031	 0.125	 0.086	 -0.008	 0.034	 -0.061	 -0.025	 -0.032	







LT,	hr	 UTC,	hr	 0-1	km	 1-2	km	 >	2	km	 0-1	km	 1-2	km	 >	2	km	 0-1	km	 1-2	km	 >	2	km	
3.5	 7.5	 0.142	 Interpolated		 0.000	 0.184	 Interpolated		 0.000	 -0.172	 Interpolated		 0.000	
6.5	 10.5	 0.125	 Interpolated		 0.000	 0.231	 Interpolated		 0.000	 -0.117	 Interpolated		 0.000	
9.5	 13.5	 0.005	 Interpolated		 0.000	 0.204	 Interpolated		 0.000	 0.038	 Interpolated		 0.000	
12.5	 16.5	 -0.003	 Interpolated		 0.000	 0.156	 Interpolated		 0.000	 0.086	 Interpolated		 0.000	
15.5	 19.5	 -0.051	 Interpolated		 0.000	 0.154	 Interpolated		 0.000	 0.008	 Interpolated		 0.000	







LT,	hr	 UTC,	hr	 0-1	km	 1-2	km	 >	2	km	 0-1	km	 1-2	km	 >	2	km	 0-1	km	 1-2	km	 >	2	km	
3.5	 7.5	 0.239	 0.065	 -0.096	 0.310	 0.081	 -0.079	 -0.042	 -0.013	 -0.088	
6.5	 10.5	 0.156	 0.053	 0.125	 0.239	 0.043	 -0.166	 -0.040	 -0.033	 -0.077	
9.5	 13.5	 0.120	 0.078	 0.028	 0.060	 0.014	 -0.102	 0.054	 -0.018	 -0.016	
12.5	 16.5	 0.126	 0.088	 -0.188	 0.039	 -0.205	 -0.312	 0.063	 0.010	 0.014	
15.5	 19.5	 0.342	 0.350	 -0.146	 -0.111	 0.097	 -0.172	 -0.008	 -0.006	 0.010	
18.5	 22.5	 0.420	 0.339	 -0.189	 -0.159	 0.521	 0.240	 -0.142	 -0.063	 -0.036	
 
Table A 1. Meteorological boundary conditions for the three LES cases derived from 3-hourly 
























O3 59.96 60.44 74.57 73.47 69.48 65.45 
NO2_NCAR 1.49 0.02 1.87 0.39 1.14 0.05 
NO 0.45 0.02 0.21 0.03 0.20 0.02 
HNO3_TD-LIF 0.83 0.08 1.39 0.50 1.69 0.56 
CH2O_DFGAS 2.70 0.39 7.29 0.54 6.75 0.51 
Isoprene 0.27 0.03 0.93 0.02 0.62 0.01 
Monoterpenes 0.06 0.01 0.11 0.01 0.09 0.00 
MVK+MAC+ISOPOOH 0.47 0.01 1.79 0.02 1.23 0.01 
Acetaldehyde 0.46 0.05 1.23 0.28 1.03 0.22 
Methanol 4.65 3.23 6.53 2.45 6.92 1.64 
Acetone 2.16 1.91 4.95 2.39 4.37 1.98 
	
Table A 2. Initial concentrations (ppbv) for the PBL (below 1 km) and free atmosphere (above 
3 km) of P-3B measured chemical species for the three LES cases. Data derived from P-3B 




	 Case	1	 Case	2	 Case	3	
HCHO	 201.79	±	8.91	 203.38	±	9.39	 207.92	±	10.46	
MGLY	 128.94	±	4.15	 129.67	±	4.35	 		131.70	±	4.85	
	
Table A 3. Modeled midday (1100-1300 LT) photolysis lifetimes of HCHO and MGLY for the 
three cases. Values shown are temporal (1100-1300 LT) averages, with plus and minus one 




Supplementary Figures for Chapter 3 
 
Contents of this file  
 
Calculation of the LES chemical mechanism  
Figures B1 to B3 
 
Introduction  
This supporting information introduces the calculation of the LES chemical mechanism and 
provides figures that analyze the production and loss rates of ISOPOOH (Figure B1) and 
segregations (Figure B2). Vertical cross sections of chemical species are shown to better 















Calculation of the LES chemical mechanism  
The LES predicts the transport, dry deposition, and chemical transformations of the total (gas 
+ liquid) mixing ratio for each trace gas and partitions between gas and liquid phase. After the 
transport and dry deposition is calculated, chemical transformations are calculated. First, the 
total concentration is partitioned between the gas and aqueous phases based on a 
combination of the dimensionless, effective Henry’s Law equilibrium (Heff) and mass diffusion 
transfer limitation. The aqueous phase fraction (fliq) of a trace gas total concentration is 
calculated as  
	
where Px is the equilibrium phase ratio of aqueous to gas phase concentrations [Barth et al., 
2003; Lelieveld and Crutzen, 1991]. The diffusion-limited mass transfer rate constant, kt, is 
found from the gas diffusivity and uptake at the gas-drop interface following Schwartz and 
White [1983], and modifies the partitioning if mass transfer from the gas phase into the drop is 
diffusion limited. This term is restricted to be less than or equal to 1. Once the gas and 
aqueous concentrations at the beginning of the time step and the rates of chemical reaction 
are known, the gas-aqueous chemical mechanism is solved with an Euler Backward Iterative 
(EBI) chemical approximation [Barth et al., 2003] using a convergence criterion of 0.01%. Gas-
phase photolysis rates are calculated with offline NCAR Tropospheric Ultraviolet and Visible 
Radiation Model [Madronich and Flocke, 1999]. The effects of cloud scattering on photolysis 
rates are not considered, but aqueous-phase photolysis rates are increased (1.5 times the gas-
phase photolysis rates) due to the pathlength increase inside the cloud drops caused by 
refraction [Barth et al., 2003; Madronich, 1987]. A fixed pH value (4.8) is prescribed according to 













Figure B 1. Horizontally-averaged over the cloudy column production (a) and loss (b) rates of 
ISOPOOH in the cloudy column at 1200 LT for the NOAQU simulation (a, b), and the changes 
(AQU-NOAQU) in the production (c) and loss (d) rates after including aqueous phase chemistry 
(c, d) in the AQU simulation. The net production (sources-sinks) rates for the two simulations 
(e) and the change (AQU-NOAQU) in the net production rate after including aqueous phase 









Figure B 2. Horizontally-averaged over the domain temporal evolution of Is for OH + MVK (a, 













Figure B 3. LES simulated instantaneous vertical cross section of OH (ppbv) (a, c) and isoprene 
(ppbv) (b, d) in the middle of the domain (as marked by the grey dashed line in Figure 4a) at 
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